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Spin noise spectroscopy (SNS) is a new method for studying magnetic resonance and spin dynamics 
based on measuring the Faraday rotation noise. In strong contrast with methods of nonlinear optics, 
the spectroscopy of spin noise is considered to be essentially nonperturbative. Presently, however, 
it became clear that the SNS, as an optical technique, demonstrates properties lying far beyond 
the bounds of conventional linear optics. Specifically, the SNS shows dependence of the signal 
on the light power density, makes it possible to penetrate inside an inhomogeneously broadened 
absorption band and to determine its homogeneous width, allows one to realize an effective pump- 
probe spectroscopy without any optical nonlinearity, etc. This may seem especially puzzling when 
taken into account that SNS can be considered just as a version of Raman spectroscopy, which is 
known to be deprived of such abilities. In this paper, we clarify this apparent inconsistency. 


I. INTRODUCTION 

Potentialities of linear optics of material media are 
known to be determined by and to be restricted to a lin¬ 
ear relationship between the electric field E of the light 
wave and the polarization P of the medium [ ] 

Pi — XijPj- ( 1 ) 

Here, i,j = x,y,z are Cartesian components, Xij = 
Xij{^) is a tensor complex quantity describing suscep¬ 
tibility of the medium, uj is the frequency of the incident 
radiation, and the polarization P in the linear approach 
is generated at the same frequency. Spectral dependence 
of the susceptibility Xiji^) provides the basis of the linear 
optical spectroscopy - a highly powerful tool for study¬ 
ing electronic and atomic structure of materials as well as 
dynamics of charge carriers. A characteristic feature of 
the linear polarization P induced by the light field E is 
that it obeys the superposition principle, which implies, 
in particular, that the result of action of two fields Ei 
and E 2 is identical to the sum of results of action of each 
of them separately: 

P{Ei + E 2 ) = P{Ei) + P{E2). (2) 

In terms of measurable quantities, dependence (1) is usu¬ 
ally reduced to a linear relationship between the light 
intensity and response of the medium with the intensity- 
independent proportionality factor — intensity-related 
susceptibility [2, 3]. As the response R one may con¬ 
sider intensity of the transmitted, reflected, or scattered 
light, intensity of secondary emission, or even some non- 
optical quantities, like, say, amount of released heat. For 
the linear response of this kind, the superposition princi¬ 
ple should be also satisfied (provided, of course, that the 
interference terms are averaged): 

R{hPl2)=R{h)PR{l2). (3) 

where R and I 2 are the intensities of two incoherent 
fields. 


Informative abilities of optical spectroscopy, however, 
are known to be immensely widened in nonlinear optics, 
where the relationship between P and E acquires a more 
complicated form [4-6] 

Pi = + X%E^E,,Ei + ..., (4) 

with larger number of invariants characterizing the 
medium and carrying additional information about the 
system. Here = Xij is the linear susceptibility, x^^jk 

and x)nii are the second and third order nonlinear sus- 
ceptibilities, and dots denote omitted higher order terms. 
As a result, the nonlinear optical spectroscopy offers a 
great variety of novel physical phenomena and funda¬ 
mentally new methods of research that make it possible 
to penetrate much deeper into the structure and sym¬ 
metry of the medium, the nature and properties of the 
states responsible for the optical transitions, dynamics 
of optical excitations, etc.; see, e.g., [5-8]. In particu¬ 
lar, isotropic crystals, in nonlinear optics, may become 
optically anisotropic, forbidden transitions may become 
allowed, unresolved optical bands may reveal their inner 
structure, and so on. 

Usually, the effects of nonlinear optics with their great 
informative abilities are observed at elevated light inten¬ 
sities, where the second- and higher order terms in Eq. (4) 
become important. The reverse statement also seems to 
be valid: when the light power density is low enough so 
that the terms oc etc. are negligible, we remain in the 
realm of linear optics with its restricted abilities. This, 
however, is not the case for the SNS as we demonstrate 
below. 

In this paper, we analyze and justify specific proper¬ 
ties of the Faraday-rotation-based SNS, which, on the 
one hand, does not imply the use of strong optical fields, 
where the effects of higher-order susceptibilities become 
noticeable, but, on the other, exhibits properties that go 
far beyond the potentialities of conventional linear op¬ 
tics. These interesting properties have been discovered 
in the SNS studies during the last several years. We first 
overview specific features of the SNS that make it unique 
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compared to other methods of linear optical spectroscopy, 
and then, on the basis of direct connection between the 
SNS and spin-flip Raman scattering, we present model 
consideration explaining these remarkable properties of 
the SNS. 


II. SPECIFIC FEATURES OF THE SPIN NOISE 
SPECTROSCOPY 

We recall that the spin noise spectroscopy is a tech¬ 
nique that allows one to detect magnetic resonance in the 
Faraday (or Kerr) rotation noise spectrum [9-12]. Exper¬ 
imental arrangement commonly used for these measure¬ 
ments is shown in Fig. 1(a). The probe light whose po¬ 
larization noise is detected usually propagates across the 
applied magnetic field B its wavelength lies in the region 
of transparency of the sample so that the light does not 
perturb the system and does not change its properties. In 
this sense, the technique does not go beyond the bounds 
of linear optics. At the same time, it clearly shows prop¬ 
erties that are usually characteristic of nonlinear optics 
only. 

Specifically, the optical signal of spin noise shows pos¬ 
itive reaction to the so-called Z-scan test intended to re¬ 
veal optical nonlinearity [13, 14]. As schematically shown 
in Fig. 1(b), the noise power of the sample drawn through 
the waist of a focused beam exhibits a peak centered at 
the point of focus. The fact that the mean square of the 
Faraday rotation noise is inversely proportional to the il¬ 
luminated spot area [9, 15, 16] may be formally regarded 
as an evidence of dependence of the “noise signal” on the 
light power density, typical for nonlinear optics. This 
property of SNS was used to propose a new method of 
three-dimensional tomography [17]. 

Another interesting feature of the SNS is revealed when 
we consider it as a method of optical spectroscopy, i.e. 
when the signal is studied as a function of probe wave¬ 
length A. It has been shown in Ref. [18] that, due to 
sensitivity of the spin noise power to intrinsic structure 
of the optical spectrum, SNS allows one to resolve compo¬ 
nents of the spectrum unresolvable in conventional linear 
spectroscopy, to penetrate inside the profile of an inho- 
mogeneously broadened line, and to determine its homo¬ 
geneous width. Fig. 1(c). 

One more aspect that reveals unique properties of the 
SNS is related to the two-beam experiments that, evi¬ 
dently, do not have much sense in linear optics where 
different light beams do not interact anyway. In particu¬ 
lar, two probe beams with different frequencies uji and UJ 2 
were used in [19] to monitor spin fluctuations in the in¬ 
homogeneous ensemble of quantum dots. Correlation be¬ 
tween the Faraday-rotation noise in the two laser bheams 
arose only when the detuning IcJi — ci; 2 | became compara¬ 
ble with (or smaller than) the homogeneous linewidth of 
the optical transition 7 , Fig. 1(d). This experiment made 
it possible to measure homogeneous width of a strongly 
inhomogeneously broadened band and thus to obtain in- 



Figure 1: Spin noise spectroscopy is a nonperturba- 
tive optical method of detecting magnetic resonance 
with abilities unusual for linear optics, (a) Schematics 
of conventional SNS setup [12]. LP is the linear polarizer, S 
is the sample, HWP is the half-wave plate, PBS is the po¬ 
larization beam splitter, BD is the balanced detector, FFT 
SA is the fast-Fourier-transform spectrum analyzer; (b) Z- 
scan test and 3D tomography arise from an effective depen¬ 
dence of spin-noise signal on the light power density [17]; (c) 
optical spectroscopy of spin noise allows penetration inside 
an inner structure of optical transitions [18]; (d) two-color 
(“pump-probe”) spin noise spectroscopy allows measuring ho¬ 
mogeneous linewidth of optical transitions [19]; (e) two-beam 
(“pump-probe”) spin noise spectroscopy allows measuring spin 
transfer [23]. 


formation usually accessible only to methods of nonlinear 
optics, such as spectral hole burning, four-wave mixing, 
photon echo, etc.; see, e.g., [ 20 - 22 ]. 

The two-beam SNS-experiments with spatially sep¬ 
arated beams make it possible, as was suggested in 
Ref. [ 12 ], to distinguish the spot illuminated by one of 
the beams with the aid of the other one. Fig. 1(e). The 
cross correlation between the Faraday-rotation fluctua¬ 
tions of the two beams arises only if the beams overlap, 
because, in this case, their fluctuations are provided, at 
least partly, by the same spins. The situation may be dif¬ 
ferent when the spins contributing to the detected noise 
are not localized. Then, the correlation between fluctuat¬ 
ing signals of the two beams may persist (with a certain 
time delay) even when the light spots do not overlap. 
This experimental approach, as it was proposed in [23], 
can be used to test spin transport under conditions of 
thermodynamic equilibrium. 

Thus, we see that the versions of SNS with two beams, 
in essence, realize a kind of pump-probe spectroscopy 
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without any optical nonlinearity, in spite of the fact 
that this illumination does not perturb the medium and, 
therefore, cannot be considered as a pump in its conven¬ 
tional sense. Note that, in these experiments, the inten¬ 
sity superposition principle formulated by Eq. (3) proves 
to be violated. 

These effects in SNS appear to be even more puzzling 
if we recall that shortly after experimental demonstra¬ 
tion of spin noise, a deep relation between the SNS and 
coherent Raman scattering has been demonstrated by 
Gorbovitskii and Perel [24]. It was shown that the ef¬ 
fect of magnetic resonance in the Faraday rotation noise 
spectrum is a result of coherent Raman scattering of the 
probe beam in the forward direction (see below for de¬ 
tails). In other words, the SNS is nothing but a mod¬ 
ified spin-flip Raman spectroscopy, which differs from 
the latter by the method of measurement only: in Ra¬ 
man spectroscopy the scattered spectral component is 
detected in the straightforward way by means of optical 
spectroscopy, while in the SNS this is made using the 
heterodyning technique, so that the detected signal ap¬ 
pears to be shifted from optical to radio frequencies. In 
terms of the Wiener-Khinchin theorem, we may say that 
in Raman spectroscopy and in spin noise spectroscopy we 
study, respectively, correlation properties of the light field 
and light intensity. As a result, the Raman spectroscopy, 
in the noise-based modification, acquires new properties 
that are absent in the conventional optical spectroscopy 
of Raman scattering. So, it appears that this distinction 
in experimental techniques makes Raman spectroscopy 
and SNS methods drastically different. To figure out the 
reason of this distinction, let us consider in more detail 
the process of signal formation in the SNS and in the 
conventional Raman spectroscopy. 


III. FORMATION OF THE SIGNALS: BASIC 
EQUATIONS 

Let us assume that the spin system under study is 
placed into an external magnetic field and irradiated by 
a monochromatic light beam propagating across the field. 
Consider the behavior of the Raman scattering signal re¬ 
lated to light scattering by spin fluctuations 6S in the 
media for the two above methods of the measurements: 
by direct detection of the Raman component in optical 
spectrum (in conventional Raman spectroscopy) and us¬ 
ing the heterodyning method (in SNS). Schematically, 
the two possible detection schemes are shown in Fig. 2. 
It is noteworthy that the two approaches formally dif¬ 
fer by the order of arrangement of the spectrum ana¬ 
lyzer and photodetector [12, 25]. In the conventional 
Raman spectroscopy, the scattered light is first passed 
through a spectrum analyzer (optical spectrometer) and 
then is converted into photocurrent (or photocharge). In 
the SNS, on the contrary, the scattered light is first con¬ 
verted into photocurrent, and only after that the spectral 
analysis of the photocurrent is carried out. 


For the sake of an illustration we consider the simplest 
possible model of light interacting with a spin system: a 
four-level model. Fig. 3, where two ground states of the 
system are denoted as Sz = ± 1/2 states and two excited 
states as ± 1 / 2 . Optical transitions between the ground 
and exited states are related to a dip ole-allowed reso¬ 
nance responsible for the light scattering and spin noise. 
Such a model is widely used to describe light-matter in¬ 
teraction in atomic and semiconductor systems [26, 27]. 

We are interested in manifestation of the spin-S';^ fluc¬ 
tuations in optical response of the system probed by an 
incident beam with the frequency uj close to the resonance 
in the system. We denote as P+(P_) the dipole moments 
of the system in cr+(cr“) polarization, their dynamics is 
given by, e.g. [16, 28]: 

iP± = (coo - il)P± - ( 1/2 T (5) 

where d is the dipole matrix element of the transition to 
the excited states, cjq is the resonance frequency, uj and 
ujQ are assumed to be close to each other in order to ne¬ 
glect all other resonances in the system, 7 is the damping 
rate, and Sz = Sz{t) is the fluctuating spin ^ component. 
In derivation of Eq. (5), the incident field amplitude was 
assumed small enough, so that the probability to find the 
system in the excited states is negligible and spin fluctu¬ 
ations are quasi-static. Equation (5) can be solved with 
the result: 

P±=Pl{t)+P'^{t), (6) 

where 

0 e--* 

^ 2h i(cc;o — cj) ± 7 ’ 

oscillates at a frequency of the incident wave, while the 
second term 

i|dpP± 7dQ e-^--^-^^^P,(Q) 

^ h J 27r i(ci;o — cj — Q) ± 7 ’ 

where Sz{^) = f dtSz(t) exp (iflt), is nonmonochromatic 
and related to spin fluctuations. Note, that both con¬ 
tributions to the dielectric polarization P^ and P^ are 
linear in the incident radiation amplitude. 

In what follows, we consider the forward and backward 
scattering geometries in co-circular polarizations (cr+ to 
be specific); such geometries of Raman scattering are de¬ 
noted as z(a~^a~^)z and z(a~^a~^)z, see [27] for notations. 
To simplify the analysis, we assume also that the sample 
is illuminated by a plane-parallel beam of light with ho¬ 
mogeneous intensity distribution. The amplitude of the 
detected electric field is given by^ 

B+(t) = aE+e--* + /3lP°(t) + P;(i)], (9) 


^ The electric field at the detector is, as a rule, inhomogeneous 
due to, e.g., inhomogeneity of the sample, effects of diffraction, 
etc. The way how the signal is picked up and/or averaged in the 
particular setup may change the results quantitatively. 
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PD 


Conventional Raman effect 


I{uj') oc f(E(t)E*(0)}&^^dt 



Spin noise spectroscopy 
(61% = f (SI(t)SI(0)}e'^*dt 



Figure 2: Schematic representation of two experimental approaches to measuring spin-flip Raman scattering. 

Transmitted field is modulated by spin fluctuations and, correspondingly, acquires Raman-shifted spectral sidebands. SA is the 
spectrum analyzer and PD is the photodetector. In conventional Raman scattering experiments, SA is the optical spectrometer, 
in spin noise spectroscopy experiments SA analyzes the light intensity spectrum in the range of radio-frequencies. 


where the parameters a and P depend on the light prop¬ 
agation geometry, properties of the spin ensemble, and 
details of the experimental setup [16]. The detected field 
contains, along with the incident wave, the contribution 
oscillating at the same frequency, which corresponds to 
the resonance fluorescence, as well as the fluctuating con¬ 
tribution oc P^(t), which is responsible both for the Ra¬ 
man scattering and spin noise signals. 

The above basic equations for the scattered electro¬ 
magnetic field allow us to make clear the nature of dis¬ 
tinction between the SNS and conventional Raman spec¬ 
troscopy. Below, we consider in detail the two experi¬ 
mental approaches and demonstrate the origin of their 
different informative abilities. 


IV. DISCUSSION 

In the conventional spin-flip Raman spectroscopy, the 
recorded optical spectrum of the scattered light 

/ CX3 

( 10 ) 

-OO 

Note that gives the intensity of spectral component 
of electric field with the frequency uj'. In Eq. (10), the 
electric field is expressed via the fluctuating polarization 
P'(t), Eq. (8), and the angular brackets denote averaging 
over the spin fluctuations in the corresponding quadratic 
combinations of the polarization as: 

{~S%%S%2)) = 27r<5(fii - %(S%„ (11) 


(a) 



(b) 


/ \ |-‘/2> / \ I + ‘/2> 


B 


IS, = + Vi) 


|S, = -'/2> 


Figure 3: Schematic energy diagram of the model 

four-level system under consideration, (a) Eigenstates 
of the system \Sx = =tl/2) in the field B parallel to x- 
axis. Double-headed arrows show the transition frequency, 
cjo, probe beam frequency, uj, and Larmor frequency = 
qIibB/H, where g is the Lande factor; 6 is the detuning, (b) 
Schematics of the same diagram in the basis of nonstation¬ 
ary states \Sz = =tl/2) monitored by the light beam. Blue 
curved arrows depict mixing of the states by the transverse 
magnetic field. Dashed ellipses show the components of the 
polarization P of the two-level system. 


with being the spin noise power spectrum [16]. 

Making use of Eqs. (9) - (11), we obtain the scattered 
intensity spectrum (apart from the ^-function peaks aris¬ 
ing from the incident field and Rayleigh scattering) in the 
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form 


c \E+\\S^,)n 


p 2 

0 


= \E^\\S!)n 


J- 0 


(^ 2 . 


( 12 ) 


Here, Fq cx: |(i|2 is the radiative decay rate of the excited 
state, Q = uj' —uj is the Raman shift, and S = ujq—uj is the 
detuning between the optical resonance and the incident 
light frequency. Here and below, Q in the denominators 
is neglected compared with 7 or 

One can see that the shape of the Raman line follows 
the spin fluctuation spectrum multiplied by the Loren- 
zian profile of the optical response. In particular, the spin 
fluctuation spectrum in the transverse magnetic field is 
given by [16]: 


(Q- 2 \ f I i 

^ 4 \i + {n- ^ i + {n + ) ’ 

(13) 

where is the spin relaxation time and is the Far¬ 
mer frequency. Correspondingly, the Raman spectrum 
contains two peaks at uj' = cj ± see Fig. 2. It is 
important that the Raman scattering intensity scales lin¬ 
early with the number of spins N within the irradiated 
volume. Indeed, the total spin fluctuation of N identical 
systems is (5'^)o cx: so, as follows from Eq. (12), if 

we compress the light beam leaving its total power the 
same, the increase in the power density will be compen¬ 
sated by a decrease of the number of spins, with the total 
scattered intensity remaining the same. As a result, in 
particular, the forward scattering of a focused beam will 
be equally contributed by its cross-sections both in the 
vicinity of the focal point and far away from it. Actually, 
this is exactly what should be expected for the effect of 
linear optics. It should be emphasized that the scattered 
intensity proves to be proportional to the spin fluctua¬ 
tion squared and, hence, does not depend on sign of the 
spin fluctuation Sz> 

In the spin noise spectroscopy, by contrast, what we 
measure is the spectrum of the light intensity rather 
than intensity spectrum of the light field. In other 
words, SNS is actually a version of the /ight intensity 
spectroscopy first proposed by Forrester and cowork¬ 
ers [29] and then developed for spatially separated fields 
by Hanbury-Brown and Twiss [30], see also [31-33]. For¬ 
mally, we need to average the |F(t')p over the time Ta 
which, on the one hand, exceeds by far the period of elec¬ 
tromagnetic field oscillations (T^ ^ 27r/ci;, 271 / 000 ) but, 
on the other, is much smaller than characteristic fluctu¬ 
ation times in the system. As a result, 

1 rt+Tal2 
j-a Jt-Tal2 

Such an averaged intensity contains a stationary (time- 
independent) contribution and a fluctuating one caused 


by interference of the incident wave, F+ exp (—icjt), and 
the fluctuating field aP/_{t) [24]: 

siit)^\E+fro 

This contribution is present only in the forward- or 
backward-scattering geometry,^ because in the case the 
scattering at an arbitrary angle, the electric field at the 
detector does not contain the incident wave at all, i.e. 
E{t) oc Plit) P P[{t).^ 

The signal again is proportional to the light inten¬ 
sity, but now it is linearly related to the spin fluctua¬ 
tion which, in turn, varies in a square-root way with the 
number of spins. It follows from Eq. (14) that power 
spectrum of the intensity noise has the form:"^ 

■p 2 r 2 

(15) 

Equation (15) clearly demonstrates that the intensity 
fluctuations in the forward-scattering geometry are pro¬ 
portional to the electron spin noise spectrum. Depen¬ 
dence of the intensity fluctuations on optical frequency 
(or detuning S) corresponds to the results of [16] for the 
Faraday rotation fluctuations. Moreover, at zero detun¬ 
ing, J = 0, (SI)q vanishes. It is worth noting that the 
interference of P^ and P^ contributions to the field in 
forward direction yields ellipticity fluctuations. Such a 
contribution has the form 




S,(Q) 


(cjQ — cj — fl) — ij 


• (14) 


31'(t) oc |£;+|^r7 



iOt 




[(wo - w - fi) - 17 ] [(wo - w) + 17 ] 


(16) 


and the corresponding intensity noise power spectrum, in 
agreement with [16], can be presented as 

(SI')f,^lE+l^(S^)n^^Eo__ ( 17 ) 

This contribution, unlike the one given by Eq. (15), does 
not vanish at d = 0 . We note that in actual SNS experi¬ 
ments one uses linearly polarized probe beam and moni¬ 
tors fluctuations of the Faraday/Kerr rotation or elliptic¬ 
ity, which makes it possible to distinguish contributions 
of Eq. (15) and (17), Ref. [16]. 

Thus, the detected intensity noise spectrum, Eq. (15) 
or (17), reflects the spectrum of spin noise and, as 


^ In the latter case the field propagating backwards contains the 
contribution oc E-j- due to specular nonresonant refiection from 
the sample surface. 

^ There is also an interference of and P^, which is briefiy dis¬ 
cussed below. 

^ One can arrive to Eqs. (15) and (17) evaluating fourth-order 
correlator f f (E^ ( 0 -^+ (^)) (il^T)dMr. 
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sketched in Fig. 2, has two peaks at the frequencies 
ft = ±ftB corresponding to spin precession in the trans¬ 
verse field. 

It also follows from Eqs. (15) and (17) that the detected 
signal in the SNS is proportional to the fourth power of 
electric field and to the spin noise power. Now, if we 
compress the light beam keeping the same its total power, 
the signal will not remain the same, but rather will grow 
in inverse proportion with the beam area. As a result, 
now the forward scattering of the focused beam will be 
mainly contributed by the spins in its focal region. This 
makes it possible to probe the medium by drawing the 
waist of a tightly focused light beam (Z-scan) and thus 
to realize the spin-noise-based 3D-tomography proposed 
in [17]. 

Another highly important feature of the detected sig¬ 
nal in this geometry is that, in contrast to the signal of 
conventional Raman scattering, the fluctuating contribu¬ 
tion to the scattered intensity, Eq. (14), is sensitive to the 
sign of spin fluctuation Sz • It means that it may interfere 
(constructively or destructively) with another spin noise 
signal. Particularly, for two incident beams with optical 
frequencies uji and uj 2 the intensity fluctuations 
and 5 l2{t) in accordance with Eq. (14) are proportional 
to (f4 < 7 , jcjo - cJi, ujo - ^ 2 |) 


J 27r 


{uio - coi) - i7 


and 


J 27r 


(wo - W 2 ) - i7 


respectively, where 5i,;s(f2), S 2 ,z{^) are the Eourier com¬ 
ponents of the spin fluctuations in the volumes illumi¬ 
nated by the corresponding beam. The power spectrum 
of cross correlation noise of the two beams is given by 


{SIi6I2)q oc 


_ {Si,zS2,zh _ 

[(wo - Wi )2 + 72] [wo - W2)2 + 72] ■ 


(18) 


Clearly, if the beams do not overlap, the cross correla¬ 
tion or interference noise is absent since spin fluctuations 
A§i^; 2 (f 2 ) and S 2 ,z{^) correspond to different ensembles.^ 
If two beams overlap in space, the fluctuations become 
correlated, since Si^z{^) and S 2 ^z{^) contain the con¬ 
tributions from the same spins. Moreover, the interfer¬ 
ence contribution (18) demonstrates strong spectral sen¬ 
sitivity: It is greatly enhanced if uji and 002 are close 
to each other and differ by less than 7 from the reso¬ 
nance frequency As a matter of fact, the presence 


^ There could be minor contributions if spins can freely propagate 
and go between the spots illuminated by the first and the second 
beams, c.f. Ref. [23]. 

® In inhomogeneous systems Eq. (18) should be modified following 
approaches of Refs. [16, 18, 19] to take the inhomogeneity into 
account. 


of interference contribution, Eq. (18), violates intensity 
superposition principle, Eq. (2), even though two optical 
beams come from different sources and optical coherence 
between them is absent. 

Due to this additional degree of freedom, the SNS can 
be used to reveal spatial or spectral coherence in spin 
fluctuations. Thus, in these light-intensity noise measure¬ 
ments, we lose the coherence in optics, but acquire spin 
coherence that provides us additional degrees of freedom 
absent in conventional spectroscopy of linear response. In 
particular, possibility of penetrating into the inhomoge- 
neously broadened line results from spin-related interfer¬ 
ence of different spectral components of the probe beam. 
Positive response to the Z-test results from spin interfer¬ 
ence of different spatial components of the light beam. 
The same reason underlies the mentioned in [12] possi¬ 
bility to detect illuminated spot be means of SNS. 


V. CONCLUSION 

The aim of this paper is to attract attention to the spin 
noise spectroscopy and to justify its remarkable informa¬ 
tive capabilities, which may seem, at first glance, para¬ 
doxical: On the one hand, the SNS is considered to be 
just a version of spin-flip Raman spectroscopy and does 
not imply any optical nonlinearity of the medium, while, 
on the other, it offers abilities unusual for linear optics. In 
particular, the SNS signal proves to be dependent on the 
light power density, it allows one to resolve inner struc¬ 
ture of inhomogeneously broadened spectra, and to real¬ 
ize pump-probe spectroscopy with no optical nonlinear¬ 
ity. We show that these unique features of the SNS result, 
in fact, from linear relationship between the signal and 
spin fluctuation (in contrast to quadratic one for Raman 
spectroscopy), Eq. (14). This makes SNS sensitive to 
spatial and spectral correlations of the polarization noise 
and thus provides additional informative abilities inac¬ 
cessible for conventional Raman spectroscopy and even 
for linear optics in general. 

These specific properties of the spin noise spectroscopy 
are determined, in essence, by correlation nature of the 
light-intensity measurements, which provides the inten¬ 
sity signal with a fluctuating part having an effective 
sign. As a result, the two light-intensity signals may com¬ 
bine constructively or destructively exactly like it occurs 
with regular sign-alternating signals. Actually, a similar 
reason underlies specific properties of the conventional 
light-intensity-noise spectroscopy [25], which is known to 
be capable of getting very special information about the 
source of the field [34-37]. In the latter case, however, 
the light field under study is usually produced by a pri¬ 
mary source, and information extracted from the corre¬ 
lation measurements is not related to inner structure of 
the self-luminous medium. 

It is noteworthy that similar advantages of the het¬ 
erodyning technique should be revealed in other effects 
of inelastic light scattering and may be of interest for a 
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wide range of applications. 
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